Sedimentology of microbial carbonate is a challenging subject with controversial views and complex links to petrography, geochemistry, and microbiology. Pratt (2001) presented an intriguing hypothesis that a considerable part of Paleozoic carbonate mud may have been derived from disintegrated micrite tubes considered to have been formed by calcified cyanobacteria. Such micritic tubes from many Paleozoic and Mesozoic carbonate rocks are known as Girvanella-type microfossils; most Proterozoic examples are less typical-a fact correctly noted and described, e.g., by Turner et al. (2000) .
While we agree with Pratt's suggestion that micrite can be derived from loosely calcified cyanobacterial sheaths, we question the formation of Girvanella tubes by postmortem, bacterial calcification. In our view Pratt's statement ''the range of preservation in reefs indicates that impregnation by permineralization of the mucilaginous sheath generally took place postmortem'' (Pratt, 2001, p. 764 ) is unsubstantiated. Furthermore, with regard to morphologically well-defined micritic Girvanella tubes, his statement ''the variety of [preservation] styles testifies that calcification. . . was not a normal consequence of cyanobacterial metabolism during photosynthesis'' (p. 764) appears without supporting evidence.
Merz (1992) provided a good example of cyanobacterial filaments with calcite-impregnation of sheaths induced by photosynthesis. These filaments in a freshwater pond of the Everglades occasionally form micritic tubes, but commonly remain loosely calcified. They remain alive and flexible, thereby falsifying Pratt's assumption that curved, enrolled filaments must have been calcified postmortem. Upon decomposition of trichomes and sheath material, the micrite is left to form a mud with only organic traces of the former filaments. The study by Merz (1992) is one of the few examples that convincingly demonstrates cyanobacterial photosynthesis-induced CaCO 3 precipitation with field studies, stable isotope analyses, and experiments. In this case, carbonate forms prior to death and decay of the cyanobacteria. A similar, excellently documented case study is from Fayetteville Green Lake, New York, though it refers to coccoid cyanobacteria (Thompson and Ferris, 1990; Thompson et al., 1990 Thompson et al., , 1997 .
The only known present-day occurrence of Girvanella has been described from two small pools on Aldabra, Seychelles (Riding, 1977) . This paper clearly documents and illustrates Mg-calcite-impregnated sheaths around living Plectonema trichomes, although the processes involved in tube formation remain to be investigated in this case. Further support, published after Pratt's work, derives from hydrochemical model calculations and observations in various freshwater, saltwater, and soda lakes. Cyanobacterial sheath calcification induced by photosynthesis most likely occurs only in weakly pH-buffered waters high in Ca 2ϩ (Arp et al., 2001 ). This implies that Phanerozoic oceans sustaining calcified cyanobacteria such as Girvanella would be higher in Ca 2ϩ if compared to recent seawater (Arp et al., 2001 ), a conclusion that is now further supported by measurements from primary fluid inclusions in marine halite crystals (Lowenstein et al., 2001 ).
Pratt suggested that ''possibly calcification was induced by specific chemical changes in the sheath that arose during heterotrophic bacterial and chemical degradation' ' (p. 765) . However, only a few heterotrophic pathways will actually result in CaCO 3 precipitation. For example, Pratt mentioned the work of Chafetz and Buczinski (1992) . In their experiments of aerobic bacterial calcification Chafetz and Buczinski (1992) used seawater medium enriched in peptone for cultivation. Thus, deamination of peptides and amino acids and ammonification was the likely cause of shifting of the carbonate equilibrium until CaCO 3 precipitated. In contrast, cyanobacterial sheaths largely consist of polysaccharides. Simultaneously to decarboxylation, these polysaccharides are successively oxidized during aerobic decay to CO 2, which lowers CaCO 3 supersaturation more the lower the dissolved inorganic carbon pool and pH buffering is (cf. Arp et al., 2001) . When O 2 is consumed, fermentation can cause further release of CO 2 , while sulfate reduction effectively raises alkalinity (e.g., Lyons et al., 1984; Kempe, 1990) . However, at this late stage of decay, the shape of cyanobacterial filaments is already obliterated and no micrite tube formation has been described from corresponding settings (e.g., Krumbein et al., 1977; Lyons et al., 1984) . This is also true for the case study of Défarge et al. (1996) cited by Pratt (2001) . Carbonate-impregnated tubular sheaths are described by Défarge et al. (1996) to occur as living Scytonema filaments after desalinization of one of the lakes (Lake R2) on Rangiroa Atoll, French Polynesia. These tube micrites are clearly distinguished from postmortem cyanobacterial carbonates, which are peloidal and spherulitic organominerals (Trichet and Défarge, 1995) .
We are confident that further geomicrobiological studies in recent settings involving a specific discrimination of already known microbial processes will elucidate the interrelation among each microbial process, carbonate sedimentation, and environmental changes in Earth history. Arp, G., Reimer, A., and Reitner, J., 2001, Photosynthesis- Arp et al. bring a geomicrobiological dimension to bear on ancient microbially mediated calcium carbonate precipitation. The basic bone of contention is whether this precipitation was triggered by the metabolism-photosynthesis-of the cyanobacteria presumed to be involved, or took place in dead material during degradation. I have been struggling with this issue since finding calcified filaments in Holocene stromatolitic intraclasts (Pratt, 1979) . The notion of postmortem calcification that I entertained for Girvanella (see Pratt, 1984 Pratt, , 1995 Tubiphytes and the Epiphyton-Renalcis plexus) was based purely on circumstantial, petrographic evidence.
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Arp et al. submit that the polysaccharide-dominated composition of cyanobacterial sheaths is not conducive to CaCO 3 precipitation during postmortem aerobic degradation by bacteria because released CO 2 would lower CaCO 3 supersaturation. By contrast, von Knorre and Krumbein (2000) suggested that this CO 2 buffers pH instead by forming and any surplus escapes to the atmosphere. The instructive Ϫ HCO 3 examples documented by Défarge et al. (1996) and Sprachta et al. (2001) show that precipitation in fact does occur in decaying sheaths, in the latter case with the potential to replicate them. Arp et al. claim that Chafetz and Buczinski's (1992) experiments using seawater enriched in peptone do not reproduce the appropriate chemistry needed to trigger CaCO 3 precipitation in exopolysaccharides. While this may be true, similar experiments with acetate-enriched seawater performed by von Knorre and Krumbein (2000) also resulted in precipitation. It should be remembered as well that although carbohydrates dominate the hydrated polymers comprising cyanobacterial sheaths, uronic acids and other organic constituents, plus adsorbed organic compounds, are also present. Furthermore, the decay products of cyanobacterial cell contents and the heterotrophic bacteria involved complicate the biofilm microenvironment and increase the number of reactive carboxyl and hydroxyl functional groups that are the binding ligands for cations (e.g., Decho, 1990) .
Arp et al. may well be correct that Girvanella formed by in vivo calcification of sheaths, and I can accept this for tubular specimens exhibiting finely calcified walls. However, Bartley (1996) showed that cyanobacterial sheaths remain reasonably intact for quite some time after death (i.e., 1-2 weeks). In addition, the excess Ca 2ϩ and/or Mg 2ϩ in seawater may help maintain the structural integrity of dead or abandoned sheaths for longer than might be expected because these ions form cross-links between adjacent sugar polymers (Decho, 1990) . It is *E-mail: brian.pratt@usask.ca. also conceivable that while the living filaments likely possessed inhibitors to spontaneous precipitation (Westbroek et al., 1994) , their active photosynthesis might have increased [ ] enough to promote pre-2Ϫ CO 3 cipitation in closely associated dead material. In any case, my original interpretation that ''permineralization. . . generally took place postmortem'' (Pratt, 2001, p. 764) does not exclude a role for in vivo calcification. Furthermore, both could have operated in some cases, because crystal nucleation and crystal growth can be two distinct stages (see also Sprachta et al., 2001 ). The fact is that Girvanella is commonly poorly defined, grading into micrite threads and clots, and this range of preservation is difficult to explain by photosynthetically induced precipitation in living sheaths.
Arp et al. reiterate the case they made while my paper was in press (see Arp et al., 2001 ) in which they calculated that impregnation of cyanobacterial sheaths by CaCO 3 would occur in seawater only if it were more than tenfold supersaturated with respect to calcite, and when photosynthesis further increases [ ] within the sheath microenvironment.
2Ϫ
CO 3 Based on a higher atmospheric pCO 2 believed to have characterized the Paleozoic, seawater needed to be considerably enriched in Ca 2ϩ before cyanobacterial photosynthesis would have induced precipitation. According to existing models, it was. Thus Arp et al. (2001) considered Ca enrichment to be responsible for the seemingly greater abundance of cyanobacterial microfossils and other calcified microbial structures such as thrombolites and stromatolites in the Paleozoic. Nonetheless, these constitute a wide variety of features over a long span of geological time, and I am loath to ascribe them to a single overarching factor.
Certainly there is much more observational and experimental work to be accomplished before a clear understanding of marine microbial CaCO 3 precipitation will emerge, as Arp et al. signal . And these processes have to be considered in the context of probably differing chemistries in ancient seas (Arp et al., 2001 ; see also Holmden et al., 1998) .
